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The work to be described in this paper was undertaken with the 
object of clearing up the conflicting reports in the literature as to the 
protein or non-protein nature of the substance in tuberculin to which is 
due its specifically toxic reaction in the body of the tuberculous animal. 
The literature on the subject has been summarized by Long (1), and 
need  not  here  be  reviewed in  detail.  Certain  of  the  more  recent 
studies  will  be  considered in  relation  to  the  present  paper  in  the 
discussion. 
It may be stated at the outset that we have not been able to arrive 
at a satisfactory conclusion as to the chemical nature of the fraction 
in  question,  but  certain points in  connection with the chemistry of 
the complex material known as old tuberculin have been very clearly 
demonstrated.  Some of  these we  have  already reported in  a  pre- 
liminary way (Mueller (2), Zinsser and Mueller (3)).  In view of the 
report by Long and Seibert (4) which has just appeared, and the recent 
work of Laidlaw and Dudley (5),  it seems justifiable to present the 
work  at  this  stage.  Possibly  the  complete  account  of  Long  and 
Seibert's work, which is stated to be in press, will make it unnecessary 
to continue further in our efforts to purify the toxic material.  The 
work of Laidlaw and Dudley will be discussed in the second paper (6) 
on this general subject. 
The work of Zinsser and Zinsser and Parker (7) on residue antigens 
of the tubercle bacillus and other microorganisms furnished the point 
of departure for the experiments which follow. 
It was shown by these writers that a slightly alkaline extract of tubercle bacilli 
freed as far as possible from protein by acid precipitation and heat coagulation, 
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contained  a  substance,  precipitable  by  alcohol,  which  produced  typical  skin 
reactions in tuberculous guinea pigs.  A specific precipitin reaction was also given 
by this material with the serum of an animal (sheep or rabbit) injected repeatedly 
with dead tubercle bacilli.  Similar extracts prepared from meningococci, pneu- 
mococci, and influenza bacilli also precipitated specifically with their homologous 
immune sera.  It was shown,  too, that the substance separated by slight  acidi- 
fication of the alkaline  tubercle extracts (nucleoprotein?)  gave, like the partially 
purified filtrate, a strongly positive skin test in tuberculous guinea pigs, the reason 
for which could not be satisfactorily explained at that time. 
That  these  "residue  antigens"  from many  types  of bacteria  and 
related  organisms  contain  non-protein  substances  of  the  nature  of 
polysaccharides, which appear to be responsible in large measure for 
the  specific  precipitating,  agglutinating,  and  complement-fixing 
properties of bacteria, is a  fact that has  been abundantly  confirmed 
and amplified  (8).  It was  the writer's purpose  to prepare this ma- 
terial from tubercle bacilli, study its properties and determine whether 
in the case of this organism,  too, a  nitrogen-free  and  therefore non- 
protein  substance  was  produced,  to  which  were  attributable  the 
specific properties  of  tuberculin  including  its  toxic  action  in  tuber- 
culous animals. 
Because old  tuberculin is highly potent both in  animal  tests  and 
in vitro  immune  reactions,  and  is free from the more or less  highly 
insoluble bacterial bodies, it was chosen rather than the bacilli them- 
selves as the material to be used in attempted purification. 
Toxic action was determined by the intmcutaneous injection of about 0.1 cc. 
of a 1:10 dilution of the O.T., or an equivalent amount of the various fractions, 
into guinea  pigs which had been inoculated at least 3 weeks previously with a 
suspension of living tubercle bacilli.  Strain  H  37 from Saranac  has been used 
in all the work to be reported.  The reactions were, of course,  controlled with 
similar  injections  into normal animals.  The precipitin reaction was carried out 
by the ring method, using a few drops of undiluted serum from a rabbit treated 
repeatedly at 4 to 5 day intervals with a saline suspension of heat-killed tubercle 
bacilli, and layering over it in narrow tubes dilutions in saline of the tuberculin 
or its fractions. 
The  earlier  unsuccessful attempts  at  purification need  not  be  re- 
counted.  Preparations  were  tested  sometimes  by  the  simple  and 
rapid  precipitin  reaction,  at  other  times  by  the  skin  test,  until  it 
became apparent  that  discrepancies in  results were obtained by the j.  HOWARD MUELLER 
two methods.  We then  tested  each preparation or fraction in both 
ways and were soon forced to the conclusion that the substance giving 
the precipitin test was quite separate and distinct from that producing 
a skin reaction.  This may be illustrated in three different ways, none 
of  which  seemed  applicable  to  large  scale  development.  Protocols 
will be omitted in the interest of brevity. 
Proteolytic Em  ymes. 
A solution of old tuberculin  treated under appropriate  conditions with pepsin 
or trypsin for some time,  gradually loses its power  to  give a  skin  test,  which 
power  finally  disappears  completely,  leaving  the  precipitating  property  with 
immune serum unimpaired. 
Acetic Acid Precipitation. 
If a quantity of O.T. prepared  in the  usual way from a 6 weeks glycerol-broth 
culture  of H  37 be precipitated  with  10 volumes of alcohol, and  the precipitate 
redissolved and again precipitated  once or twice  in the same way, a preparation 
is obtained giving both types of reaction.  If, to an aqueous solution of this mate- 
rial, enough acetic acid is added to produce maximum precipitation,  the precipitate 
will give only the skin test, while the filtrate will still give both. 
Tannic Acid Precipitation. 
If some Of the alcohol precipitate  of O.T.  or some of the acetic  acid filtrate, 
prepared  as above, is precipitated  with tannic acid, filtered, and the filtrate  freed 
from the excess of tannic acid,  it will give a  strong precipitin  test,  but no  skin 
reaction whatever. 
The presence of considerable quantities of foreign organic material 
in O.T. made from meat broth proved to be exceedingly troublesome, 
and for the preparation of larger quantities of material from which we 
hoped to separate both active substances a  "synthetic" broth of the 
following formula, for which we are indebted  to Petroff, was used: 
KI-I2PO~  ..................................................  5.0 gm. 
MgSO 4  ...................................................  0.6 gin. 
Magnesium  citrate .........................................  2.6 gm. 
Asparagine ................................................  5.0 gm. 
Glycerol ..................................................  20 cc. 
Water .....................  1000 cc., adjusted to pH 7.0 with  NaOH. 4  SPECIFIC ELEMENTS  OF TUBERCULIN.  I 
Upon this medium in Kolle flasks,  growth of Strain H  37 was practically as 
rapid and luxurious  as upon meat broth, and the properties of the resulting O.T. 
were not markedly inferior.  Using tuberculin prepared in this way, separation of 
the toxic factor and  the precipitating factor proved exceedingly simple. 
6 week cultures of the tubercle bacillus are sterilized  in an Arnold sterilizer for 1 
hour and evaporated in large porcelain dishes on the water bath to about one-tenth 
the original volume.  The bacilli are either filtered out at this point or strained off 
through  cheese-cloth  before evaporation.  It does  not  seem to be particularly 
important  whether  evaporation  takes place  in  the  presence or  absence of the 
growth.  The resulting syrupy liquid is precipitated by adding slowly,  and with 
stirring, 2 volumes of 96 per cent alcohol.  The precipitate is either allowed  to 
settle overnight, and  the superuatant  decanted,  or else  is centrifuged down;  it 
contains very little of either active fraction and is discarded.  To the supernatant 
is added enough 96 per cent alcohol to make a total of 5 volumes of alcohol.  This 
precipitate is separated as in the case of the first one,  and is found to contain 
practically all  the  precipitating  fraction and  to  give almost no  skin  reaction. 
It usually consists of two layers, a lower liquid layer and an upper semi-solid layer. 
Considerable  of the material in both layers is inorganic,  and the residue  antigen 
seems to divide itself between both, so that neither can be discarded.  The puri- 
fication of this fraction will be the subject of a separate paper. 
The 5 volume alcohol filtrate, when freed from alcohol by evapora- 
tion,  and  suitably  diluted,  gives a  strong  specific  skin  reaction  and 
almost no precipitin test.  The toxic material can be precipitated by 
first concentrating to about the volume of the original O.T., or some- 
what less, on the water bath,  and then adding 5 volumes of acetone. 
This fraction also contains considerable inorganic material and gives a 
strong  biuret  reaction.  It  was  freed  from  a  large  part  of  the  im- 
purities by dialysis in fish bladders against running water,  and it was 
found that part, but not all, of the toxic material could be separated 
from  the  dialyzed  solution  by  acidification  with  dilute  acetic  acid, 
and, also, that practically all the active material could be precipitated 
by saturating  with  ammonium sulfate or  sodium  sulfate  at  34 ° .  It 
contained a  considerable amount of protein material, but was not by 
any  means  a  pure  protein  as  shown  by the nitrogen determination. 
Moreover, while it gave skin reactions at this stage, it was necessary 
to use a  considerably larger quantity for strong reactions than should 
have been the case.  We have been unable  to  assure  ourselves as to 
whether  this  indicates  a  gradual loss  of  an  active  component,  or  a 
specific alteration in properties of the product now on hand  through 
heating,  exposure  to  alcohol  and  acetone,  oxidation,  or  some  other 
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Details of Preparation. 
6 liters of O.T., prepared from the synthetic media described above, were pre- 
cipitated first with 2 and then with 5 volumes of alcohol.  The 2 volume precipitate 
was discarded, the 2 to 5 volume precipitate used as the source of residue  antigen 
to be described in the following paper.  The 5 volume filtrate was concentrated on 
the  water bath  to  about  2000  cc.  and  precipitated with 5 volumes of acetone. 
After standing overnight,  the clear acetone supernatant  was removed and  dis- 
carded.  The precipitate was dissolved in about 500  cc. of water, warmed on the 
steam bath for a short time to remove a part of the remaining acetone, and dialyzed 
in several fish bladders against running water for 18 hours.  The dialyzed solutions 
were again combined,  concentrated on the water bath in front of a fan to about 
500  cc., some insoluble material centrifuged out,  and  the clear, brown  solution 
precipitated with a mixture of 1000 cc. alcohol and 2500 cc. acetone.  After stand- 
ing  overnight,  the  practically clear  supernatant  was  removed  and  discarded, 
although it still contained a small amount of the active substance, as shown by a 
skin reaction.  The precipitate was dried by stirring with acetone and then with 
ether, finally transferring to a vacuum desiccator.  The yield was 16.4 gin., which 
contained 7.7 per cent nitrogen.  0.1  mg. of this material produces a  good skin 
reaction in tuberculous guinea pigs. 
Combining with the above product enough similarly prepared material to make 
a  total of 22 gin., the entire quantity was dissolved in 400 cc. water, and a  few 
N 
CC. of ~ NOOH.  After centrifuging from a  small quantity of insoluble material, 
the solution was saturated with Na2SO4 at 34  °, and the precipitate filtered off.  The 
filtrate was practically inactive and was discarded.  The precipitate was dissolved 
N 
in 300 cc. water.  The addition of a few drops of i  NOOH causes the slightly turbid 
solution to become practically clear.  About 3 cc. of glacial acetic acid were added 
until maximum precipitation took place.  The pH was then about 3.4.  The pre- 
cipitate was centrifuged down, redissolved in 100 cc. water, and again precipitated 
with  acetic acid.  The  precipitate, after  removal by  centrifugation was  dried 
in vacuo after suspending in acetone and in ether.  The  combined  supernatant 
fluids from the two acetic acid precipitations were precipitated by several volumes 
of acetone, and this precipitate also dried and preserved. 
The yields were respectively 2.0 gin. from the acetic acid precipitate 
and  1.5 gin. from the supernatant.  The former contains 3.3 per cent 
N, and the latter 5.5 per cent by the colorimetric micro Kjeldahl method. 
Both  fractions give a  weak precipitin reaction at a  dilution of 1 : 100, 
and the acetic  precipitate fraction a  doubtful reaction at  1 : 1000 in 2 
hours.  Skin reactions on tuberculous guinea pigs are positive with both 
fractions when  0.1  cc.  of a  1-10,000  solution is used,  the precipitate 6  SPECIFIC ELEMENTS  OF TUBERCULIN.  I 
fraction  being  stronger,  and  corresponding  roughly  to  the  reaction 
in the same pigs given by a 1 : 100 dilution of O.T.  Both fractions give 
well marked biuret and Millon tests for protein in 1 per cent solution 
and an exceedingly  faint  Molisch test for carbohydrate in a  0.2 per 
cent solution. 
DISCUSSION. 
We believe it has not been appreciated by those working with tuber- 
culin  that  the  test-tube  reactions  of precipitation  and  complement 
fixation  might  be due  to  an  essentially  different  component  of  the 
material  from  that  producing  its  specific physiological effect.  This 
separation has already been reported by us in preliminary  communi- 
cations  (1,  2)  and  of course follows also from  the  work of Laidlaw 
and  Dudley.  It  is  therefore  apparent  that  the  various  methods 
which have been suggested for the standardization  of tuberculin for 
therapeutic  or diagnostic  use,  based upon  the  precipitin  or comple- 
ment  fixation  reaction  (9)  are  erroneously  conceived  and  therefore 
of  little  value.  We  have  not  carried  out  complement-fixing  tests 
with  the  skin-toxic  fractions  of  tuberculin  but  fixation  is  readily 
obtained  by  solutions  of  the  carbohydrate  residue  antigen  of  the 
tubercle bacillus, as one should expect from the now generally accepted 
relationship  between  fixation  and  precipitation.  These  reactions 
were carried out by Dr. S. Litarczek  in  this  laboratory, to whom we 
wish  to  take  this  opportunity  of  expressing  our  thanks.  We  are 
unable  to  explain  the  results  reported  by  Dienes,  Schoenheit,  and 
Scheff (10)  who were unable to obtain evidence of complement fixa- 
tion with fractions of the tubercle bacilli other than protein. 
As already stated,  it is  quite impossible  to  say whether  the  final 
product obtained in the form of an acetic acid precipitate represents 
even  an  approximately  pure  tuberculin  active  material  or  not.  It 
obviously contains protein,  but only to the  extent of perhaps  20 to 
25 per cent.  The remaining material may be an impurity or it may 
be that  the protein is combined with  a  non-nitrogenous  material  in 
some form.  If skin reactions of approximately the same intensity are 
given  by a  1:100  dilution  of  O.T.  and  a  1-10,000  solution  of  the 
partially purified product, it can be calculated that about 50 times as 
much of the latter is required as would be expected if the substance had j.  HOWARD MU'ELLER 
been isolated without loss and without alteration  in properties.  In 
other words, 0.01 nag. is required, while one should expect to obtain a 
reaction with 0.0002 rag., if 2 gin. represent all of the active material 
actually present in 10 liters of O.T.  Of course large losses have oc- 
curred at each stage of purification.  It is  almost impossible by the 
methods available to approach quantitative judgment in this problem. 
We are inclined to the view, however, that in addition to actual losses, 
there  has  probably  been  some  alteration  in  the  specificity  of  our 
product.  Until  it  can  be  determined  in  what  proportion  loss  and 
alteration  enter into  the  results,  it is of no  great moment  to study 
in  detail  the  chemistry  of our product.  It  is likewise not  easy to 
compare the activity of our preparation with that obtained by Long 
and  Seibert.  These  investigators  state  that  their  preparation  is  a 
non-coagulable, water-soluble protein which gives a  strongly positive 
reaction  in  the  testis  of a  tuberculous  guinea  pig in  a  quantity  of 
0.0001 rag.; that is, 1 per cent of the amount of our material required 
for a definitely positive necrotic skin reaction.  The information as to 
the  relative quantities of O.T. which give positive skin reactions and 
intratesticular  reactions does not seem to be available.  Presumably 
much less would be required for the latter type of reaction. 
CONCLUSIONS. 
1.  The  specific precipitin  reaction and  the skin  reaction given  by 
old tuberculin are attributable to two separate substances present in 
this  material.  The  cause of  the  reaction  first mentioned  is  a  non- 
protein  gum  which  will  be  fully  described  in  the  following  paper. 
The cause of the skin reaction is probably but not surely a protein. 
2.  Methods which have been suggested for the standardization  of 
tuberculin  by  precipitin  or  complement  fixation  reactions  should 
be revised. 
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